Introduction {#S0001}
============

Oral squamous cell carcinoma (OSCC) is the major form of oral cancer, counting about 90%.[@CIT0001] It has been reviewed that OSCC has kept increasing and the estimated new cases and deaths resulting from OSCC world-wide were 1,688,780 and 600,920, at the end of 2017, respectively.[@CIT0002],[@CIT0003] Despite great advances were made in surgery, chemotherapy and radiotherapy, the 5-year survival rate of OSCC barely changed over the decades.[@CIT0004] The high incidence of OSCC is mainly due to the prevalence of smoking and drinking, which have been proved to be the two major risk factors of OSCC.[@CIT0005] In addition, OSCC is also associated with long-term malnutrition, viral infection and poor oral hygiene.[@CIT0006] Thus, it is critical to reveal the internal mechanism and find new therapeutic strategies for OSCC.

Icariin (ICA) is an active polyphenol extracted from the plant Epimedium genus. As previous researches reported, ICA has a variety of pharmacological benefits including anti-osteoporosis,[@CIT0007] anti-cardiovascular,[@CIT0008] antitumor[@CIT0009],[@CIT0010] and organ protection.[@CIT0011],[@CIT0012] Interestingly, ICA has been proved to suppress ovarian cancer,[@CIT0009] thyroid cancer,[@CIT0010] colon cancer[@CIT0013] and osteosarcoma[@CIT0014] via different signals. However, the anti-OSCC role of ICA has not been discussed yet.

Toll-like receptor 4 (TLR4) is a member of TLRs, which are necessary mediators of the innate immunity and recognize considerable inﬂammatory inducers.[@CIT0015] Once activation, TLRs recruit MyD88 (an adaptor molecule) to activate NF-kB pathway. TLR4/NF-κB signaling pathway has been demonstrated to play a critical role in many inflammatory diseases including cancers. Usually, it is activated in diverse diseases and cancer tissues. Also, NF-κB signaling pathway   is activated in OSCC cells.[@CIT0016],[@CIT0017] Thus, TLR4/NF-κB is a nice target for OSCC treatment. In present study, relevant researches were performed to figure out the effect of ICA on OSCC and the internal mechanism.

Methods and Materials {#S0002}
=====================

Cell Culture and Reagents {#S0002-S2001}
-------------------------

The human SCC-9 and SCC-15 cell lines were obtained from American Type Culture Collection (Manassas, VA, USA) and cultured in 1:1 mixture of Dulbecco's modified Eagle's medium (DMEM; Gibco Inc., Billings, MT, USA) and Ham's F12 medium (Gibco) containing 1.2 g/L sodium bicarbonate, 2.5 mM L-glutamine, 15 mM HEPES and 0.5 mM sodium pyruvate supplemented with 400 ng/mL hydrocortisone, and 10% fetal bovine serum (FBS; Gibco), 100 U/mL penicillin + streptomycin (Gibco). Cell cultures were kept in a 5% CO~2~ incubator at 37°C. ICA was purchased from ApexBio (Shanghai, China) and the chemical structure was shown in [Figure 1A](#F0001){ref-type="fig"}.Figure 1Effect of ICA on the viability of human oral squamous cells. (**A**) Chemical structure of ICA. (**B**) Cell viability of SCC-9 and SCC-15 cells was detected by CCK-8 assay. Cell viability (%) = (OD490 of the samples/OD490 of the control) × 100%. *\*p*\<0.05, *\*\*p*\<0.01 compared to 0 h. Data are mean ± SEM for the three replicates.

Cell Toxicity Assay {#S0002-S2002}
-------------------

Briefly, cell counting kit-8 (CCK-8; Beyotime, Shanghai, China) assay was employed to test cell toxicity of ICA. The SCC-9 and SCC-15 cell lines were treated with gradient concentration of ICA from 0 to 400 μM for 48 h, respectively. CCK-8 assay was performed according to the manufacturer's instructions .

Colony Formation Assay {#S0002-S2003}
----------------------

SCC-9 and SCC-15 cells were divided into 4 groups and treated with DMSO (Control), 5 μM ICA, 10 μM ICA and 20 μM ICA for 48 h, separately. Colony formation assay was performed as described before.[@CIT0018] Briefly, the base agar containing 0.6% agarose in a 6-well plate was prepared. Next, 1.5 × 10^4^ single cells were mixed with 1 mL complete medium supplemented with 0.3% soft agar (Sigma-Aldrich, USA). Then, the mixture was added to the above 6-well plate. After 5-week culture, the colonies were fixed and stained by PBS containing 4% formaldehyde and 0.005% crystal violet.

Cell Invasion Assay {#S0002-S2004}
-------------------

Cell invasion assay was performed by Trans-well chamber as previous reported.[@CIT0019] Briefly, the upper face of the membrane was covered with Matrigel (BD Biosciences, San Jose, CA, USA) and the upper chamber was filled with 100 μL medium without serum containing 50,000 cells. The lower chamber was filled with 600 μL complete medium with FBS. After 24 h, the undersurface of the polycarbonate membranes was stained by crystal violet and the number of cells was counted visually in six-random fields at 100× magnification under a light microscope.

Western Blot Analysis {#S0002-S2005}
---------------------

SCC-9 and SCC-15 cells were treated as previously described. Cells were treated with RIPA lysis buffer containing cocktail tablets (Sigma Aldrich) and phenylmethanesulfonyl ﬂuoride (PMSF, Sigma Aldrich). Then, the cell extraction was quantified by BCA assay. Next, proteins were separated by SDS-PAGE and transferred to PVDF membranes (Millipore, Billerica, MA, USA). The membranes were sealed with 5% skim milk in TBST and probed with specific primary antibodies for 2 h. The primary antibodies were list as followed: Ki67 (\#ab16667, Abcam, UK), PCNA (\#2586, CST, USA), VEGF (\#ab32152, Abcam), Vimentin (\#ab8978, Abcam), TLR4 (\#14358, CST), Phospho-NF-κB p65 (Ser536, \#3033, CST) and NF-κB p65 (\#8242, CST). Horseradish peroxidase (HRP)-conjugated secondary antibody anti-mouse IgG, HRP-linked Antibody (\#7076, CST) or anti-rabbit IgG, HRP-linked Antibody (\#7074, CST) were used to combine with the primary antibodies. Finally, the target proteins were visualized by ECL and ChemiDoc XRS imaging system. GAPDH was chosen as an internal control.

Immunofluorescence Staining {#S0002-S2006}
---------------------------

Immunofluorescence staining was performed to confirm whether the P65 is activated in SCC-9 and SCC-15 cells. Cells were treated and grouped as previously described. Then, cells were collected and washed with PBS twice and fixed with 4% paraformaldehyde for 20 min at room temperature. Next, the samples were permeabilized with 0.4% TritonX-100 (Sigma-Aldrich) for 10 min, washed with PBS and then sealed with 2% bovine serum albumin (BSA; Solarbio, Beijing, China) in PBS for 1 h at 37°C. After this, the samples were incubated with P65 primary antibody in 1% BSA (Solarbio) in PBS for overnight at 4°C. Then, the samples were washed with PBS and incubated with fluorescein-labeled secondary antibody in 1% BSA (Solarbio) in PBS for 1 h in dark. Finally, the samples were stained with DAPI (1 μg/mL) for 10 min to stain cell nuclei and the cells were visualized by a fluorescence microscope (OLYMPUS, Japan).

Tumorigenesis in vivo {#S0002-S2007}
---------------------

To verify the anti-tumor effect of ICA in vivo, the xenograft models were established in BALB/c mice. BALB/c mice were obtained from Experimental animal center of Sichuan university (Chengdu, China). Briefly, about 3 × 10^7^ SCC-9 cells were suspended in 1 mL Hank's balanced salt solution (HBSS, Gibco), then 100 μL cell suspension was injected into the left striata of BALB/c mice. Mice were administrated with 40 mg/kg/day ICA (body weight)[@CIT0020] or saline injection intraperitoneally 1 h after SCC-9 cells injection. Mice treated with ICA or saline were sacrificed after injection for 30 days. Tumor weight was measured. All the animal experiments procedures in this study were approved by the Institutional Animal Care and Use Committee of the Central Hospital of Guangyuan and were conducted strictly in accordance with the guidelines of International Guiding Principles for Animal Research.

Immunohistochemistry {#S0002-S2008}
--------------------

Mice tumors were cut into 2-μm sections and embedded with paraffin. Before immunohistochemistry, sections were deparaffinized and rehydrated. Firstly, sections were blocked with 3% H~2~O~2~ for 10 min at room temperature followed by incubation with primary antibody against Ki67 and VEGF at 4°C overnight. Secondly, sections were washed with PBS followed by incubation with biotinylated goat anti-mouse immunoglobulin G secondary antibody (Dako, Denmark) at 25°C for 30 min. Thirdly, sections were washed followed by incubation with streptavidin-peroxidase reagent (Dako) and 3, 3ʹ-diaminobenzidine (DAB; Sigma) mixture for 5 min. Finally, sections were counterstained and dehydrated for observation.

Statistics Analysis {#S0002-S2009}
-------------------

Statistically significant differences were evaluated by means of analysis of variance (ANOVA) followed Dunnett's post hoc test. Data are illustrated in bar graphs, including mean ± SEM. Asterisks/pound denote statistical significance. Statistical significance was considered if p\<0.05 in any analysis. All the data were analyzed using Graph Pad Prism 5 (Graph Pad Software, Inc., San Diego, CA).

Results {#S0003}
=======

ICA Inhibited the Viability of Human Oral Squamous Cells {#S0003-S2001}
--------------------------------------------------------

The cytotoxicity assay was performed by CCK-8 assay using SCC-9 and SCC-15 cells treated with ICA at concentrations from 0 to 400 μM for 24 h, respectively. The result from [Figure 1B](#F0001){ref-type="fig"} showed that ICA exerted an inhibitory effect on SCC-9 and SCC-15 cells in a concentration-dependent manner. However, ICA at concentrations of 50 μM or higher than 50 μM exhibited obvious cytotoxicity to two-cell lines. Therefore, we chose 3 concentrations of 5 μM, 10 μM and 20 μM for ICA treatment in subsequent experiment.

ICA Inhibited the Colony-Forming Capability of Human Oral Squamous Cells {#S0003-S2002}
------------------------------------------------------------------------

To explore the role of ICA on proliferation of SCC-9 and SCC-15 cells, colony forming assay was performed. As shown in [Figure 2A](#F0002){ref-type="fig"}, compared with the matching control group, the capacities of forming colonies were significantly receded by ICA treatment in a concentration-dependent manner. Parallelly, to verify the proliferation inhibitory effect of ICA on two-cell lines, the expression of Ki67 and PCNA proteins were detected by western blot. As a result, ICA down-regulated the Ki67 and PCNA proteins expression in a manner of concentration dependent ([Figure 2B](#F0002){ref-type="fig"}).Figure 2Effect of ICA on the colony-forming capability of human oral squamous cells. (**A**) Colony formation assay showed the effect of ICA on proliferation ability of SCC-9 and SCC-15 cells, respectively. The cell colonies were photographed and their numbers were observed. (**B**) The relative expressions of Ki67 and PCNA were detected by western blot. *\*p*\<0.05, *\*\*p*\<0.01 compared to control, data are mean ± SEM for the three replicates.

ICA Inhibited the Invasion of Human Oral Squamous Cells {#S0003-S2003}
-------------------------------------------------------

To elucidate the role of ICA on mobility, we performed cell invasion by trans-well assay. As a result from [Figure 3A](#F0003){ref-type="fig"}, the number of invasive cells were significantly reduced by ICA of different concentrations in SCC-9 and SCC-15 cells. Next, we also detected the expression of MMP-9 and Vimentin in two cells, separately. As a result, the data showed that ICA down-regulated the protein levels of MMP-9 and Vimentin in SCC-9 cell. Similarly, this result was supported in SCC-15 ([Figure 3B](#F0003){ref-type="fig"}).Figure 3Effect of ICA on the invasion of human oral squamous cells. (**A**) Transwell assay showed the effect of ICA on invasive ability of SCC-9 and SCC-15 cells, respectively. The invasive cells were photographed and their numbers were observed. (**B**) The relative expressions of MMP-9 and Vimentin were detected by western blot. *\*p*\<0.05, *\*\*p*\<0.01 compared to control, data are mean ± SEM for the three replicates.

ICA Inactivated the TLR4/NF-κB Pathway {#S0003-S2004}
--------------------------------------

To elucidate the underlying anticancer mechanism of ICA, we tested the expression levels of TLR4/NF-κB axis. As shown in [Figure 4A](#F0004){ref-type="fig"}, western blot analysis showed that ICA down-regulated the TLR4 protein expression, and we observed that the downstream NF-κB p65 was phosphorylated in the ICA treatment group, the NF-κB p65 phosphorylation (p-NF-κB p65) level was reduced in a manner of concentration dependent ([Figure 4B](#F0004){ref-type="fig"}). Parallelly, the results of SCC-15 were consistent ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). In particular, we also found that ICA inhibited p65 nuclear translocation. As shown in [Figure 4C](#F0004){ref-type="fig"}, the nuclear level of p65 was higher in control group, while ICA treatment significantly reduced the nuclear level of p65 in SCC-9 and SCC-15 via a manner of concentration dependent.Figure 4Effect of ICA on the TLR4/NF-κB pathway. (**A**) The relative expression of TLR4 was detected by Western blot. (**B**) The relative expression of NF-κB and p-NF-κB in SCC-9 and SCC-15 cells was detected by western blot. (**C**) p65 location was detected by immunofluorescence staining. *\*p*\<0.05, *\*\*p*\<0.01 compared to control, data are mean ± SEM for the three replicates.

ICA Inhibited the Growth in vivo {#S0003-S2005}
--------------------------------

In order to confirm the antitumor effect of ICA in vivo, we established a SCC-9 xenograft tumor model. As shown in [Figure 5A](#F0005){ref-type="fig"}, the decreased tumor size and weight were observed in ICA treatment group. As shown in [Figure 5B](#F0005){ref-type="fig"}, the expression of Ki67 and VEGF were significantly decreased, compared with control. Importantly, the reduced p-NF-κB p65 level was also exhibited in vivo tumor samples ([Figure 5C](#F0005){ref-type="fig"}).Figure 5Effect of ICA on the growth of xenograft tumor. (**A**) Tumor image and tumor weight. (**B**) The expression levels of Ki67 and VEGF were detected by immunohistochemistry. (**C**) The relative expression of NF-κB and p-NF-κB of tumor was detected by western blot. *\*p*\<0.05, compared to control, data are mean ± SEM for the three replicates.

Discussion {#S0004}
==========

Treatment of OSCC still remains a large challenge because of the lack of effective early treatment strategies and high incidence of recurrence.[@CIT0001] The pathological mechanism of OSCC development is associated with unrestricted proliferation and migration of oral squamous cells.[@CIT0021] In present study, we selected SCC-9 and SCC-15 cell lines to be an object for in vitro study. SCC-9 and SCC-15 cells, as squamous carcinoma cells, are widely used in OSCC study. And in vivo study was conducted by establishing SCC-9 ectopic xenograft mice model.

ICA has already identified to confine the growth and mobility in several cancer cells. For instance, ICA was proved to suppress cell cycle transition and cell migration in ovarian cancer cells.[@CIT0009] Besides, ICA was demonstrated to inhibit cell proliferation, migration and invasion in thyroid cancer cells.[@CIT0010] In addition, Tian et al reported that ICA reduced human colon carcinoma cell growth and metastasis activity.[@CIT0013] In this study, we primarily identified that ICA inhibited the proliferation and invasion of SCC-9 and SCC-15 cells and suppressed the tumor growth in vivo. Our present study firstly revealed that ICA could impede the growth and metastasis of OSCC. The in vitro results indicated that the viability, colony formation and invasion of SCC-9 and SCC-15 cells were inhibited by ICA in a manner of concentration dependent. The obtained data was consistent with the early researches. Our in vivo results further verify the tumor growth inhibitory role of ICA, and the data revealed the xenograft tumor size and weight were directly reduced by ICA (40 mg/kg/day) treatment.[@CIT0022] Deeply, we also found that the expression of VEGF and Ki67 were decreased. All in all, ICA inhibited the development of OSCC.

TLR4/NF-κB signaling pathway is positively correlated with inflammation. Cancer, in a kind, is an inflammation disease. Therefore, inflammation environment is beneficial for cancer development. In addition, TLR4 is overexpressed in a variety of cancer cells, including hepatocellular carcinoma,[@CIT0023] ovarian and breast cancer cells.[@CIT0024] In our study, TLR4 was overexpressed in SCC-9 and SCC-15 cells as well as in xenograft tumor tissues of OSCC, suggesting that TLR4 may be an oncogene in OSCC. Proverbially, p65 is a subunit of the NF-κB, which can be activated by phosphorylation under oxidative stress and inflammation environment. After being activated, p65 was transferred into the nucleus to regulate inflammation-related genes.[@CIT0025] In this study, p65 was greatly increased in nucleus, which suggested that TLR4/NF-κB signaling pathway is activated in OSCC cells and tumors. Dramatically, in the present study, ICA decreased the expression of TLR4 and the p-P65 NF-κB in a manner of concentration dependent in vitro and in vivo. Previous studies confirmed that the inhibitory effect of ICA on TLR4 expression,[@CIT0026] and discussed its inhibitory role on NF-κB.[@CIT0027] Herein, combined with previous reports, we explored whether ICA was involved in TLR4/NF-κB pathways in OSCC, and we first demonstrated that ICA inhibited the growth and invasion of OSCC via TLR4/NF-κB pathway.

In summary, our present study revealed that ICA could suppress the viability, colony formation and invasion of OSCC, the internal mechanism might be related to the inhibition of TLR4/NF-κB signaling pathway. Our study indicated the potential drug target of OSCC and enriched the pharmacological activities of ICA. However, whether ICA connects with other pathways or modulates multiple pathways to act OSCC requires further study.
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